Introduction {#sec1-1}
============

Chronic thromboembolic pulmonary hypertension (CTEPH) is one of the leading causes of pulmonary hypertension (PH). CTEPH is classified within group 4 PH ([@ref1]) and can be defined as pre-capillary PH with at least one segmental perfusion defect (as seen in scintigraphy) and typical findings \[as seen on conventional or computed tomography (CT) or pulmonary angiography\] after a minimum of 3 months of anticoagulation therapy ([@ref2]). Organized thromboembolic material and altered vascular remodeling are the pathological characteristics of the disease. These pathological changes are initiated or potentiated by a combination of defective angiogenesis, impaired fibrinolysis, and endothelial dysfunction ([@ref3],[@ref4]). These changes lead to PH and right ventricular failure ([@ref4]).

The annual incidence of CTEPH was four million and more than six million adults per year in the German and French PH registries, respectively ([@ref5]). The prevalence ranges from 0.4% to 9.1% ([@ref6]). An international CTEPH registry (Europe and Canada) indicated that 75% of patients with CTEPH had a history of acute pulmonary embolism ([@ref2]).

Surgical removal of obstructive material by pulmonary endarterectomy (PEA) definitively cures the disease ([@ref7]). The prognosis can be improved by medical therapy ([@ref8]), but remains poor without intervention and depends mostly on the hemodynamic severity of PH ([@ref9]). Pulmonary endarterectomy (PEA) is recommended as the first-choice therapy, whereas specific pulmonary arterial hypertension (PAH) therapy and balloon pulmonary angioplasty (BPA) are restricted to inoperable patients or patients with persistent/recurrent PH after PEA ([@ref4],[@ref10]).

A single-center series reported a 3-year survival rate of 76% and 91% in patients undergoing surgery ([@ref11]-[@ref15]). Inoperable patients who were treated with intravenous prostacyclin analogs or oral PAH targeted drugs had a 3-year survival rate varying from 41% to 80% ([@ref11], [@ref16], [@ref17]). In older series, patients receiving only oral anticoagulants had a 3-year survival rate as low as 30% ([@ref9]).

We aimed to investigate the baseline characteristics and outcome of CTEPH patients (including operated and non-operated patients) who were followed up at the PH outpatient clinic of İstanbul University-Cerrahpaşa Institute of Cardiology.

Methods {#sec1-2}
=======

We screened the medical records of PH patients who were followed-up by the PH outpatient clinic of our hospital between 2009 and 2018. Twenty-nine patients with a diagnosis of CTEPH were included in the study. The diagnosis of PH was confirmed by right heart catheterization (RHC). To qualify for inclusion, patients had to be ≥18 years with confirmed PH, demonstrating a mean pulmonary artery pressure (PAPm) of ≥ 25 mm Hg at rest, and a pulmonary capillary wedge pressure (PCWP) of ≤15 mm Hg. CTEPH had to be confirmed as the cause of PH by abnormalities in a ventilation/perfusion scan (at least 1 mismatched segmental perfusion defect) and in a CT scan or a pulmonary angiography. Before the diagnosis, patients were required to have undergone at least 3 months of anticoagulation therapy. Data were obtained retrospectively from medical records of the CTEPH patients who were followed-up regularly after the diagnosis. Medical history, clinical signs and symptoms, laboratory results, and radiological, echocardiographic, and RHC findings were recorded.

PEA was performed using principles similar to those used by the University of California, San Diego group. All patients underwent surgical intervention with deep hypothermia and complete circulation arrest ([@ref18]).

Statistical analysis {#sec2-1}
--------------------

Continuous variables were reported as mean±standard deviation or as median and inter-quartile range. Categorical variables were reported as percentages and compared using the χ[@ref2] test. Continuous variables were compared using the t-test or the Mann-Whitney U-test. A p-value of \<0.05 was considered statistically significant. All tests were two-sided. Analyses were performed with SPSS for Windows software version 22.0 (SPSS Inc, Chicago, IL, USA). The time to death (all causes) over a 10-year period was estimated by the Kaplan-Meier method and was analyzed using the log-rank test to compare the operated and not-operated patients. Univariate Cox regression analysis was performed to predict the factors associated with death.

Results {#sec1-3}
=======

The study group consisted of 16 females (55.2%) and 13 males (44.8%). The mean age was 59.5±13.7 years and the median follow-up duration was 44 months (1--113 months). Most of the patients (22/29, 75.8%) were classified under the New York Heart Association (NYHA) functional class III or IV. Most of the patients were on sinus rhythm (n=23, 79.3%) and 6 patients (20.7%) were in atrial fibrillation (AF). The mean systolic PAP was 66.1±26.7 mm Hg and the mean tricuspid annular plane systolic excursion (TAPSE) was 16±4 mm on transthoracic echocardiography (TTE). Three patients had pericardial effusion as seen on TTE. The mean initial 6-minute walking distance (6MWD) was 321.4±119.9 m. On RHC, the systolic, diastolic, and mean PAP were 79.4±22.9 mm Hg, 35.1±13.2 mm Hg, and 50.9±16.1 mm Hg, respectively. The mean pulmonary vascular resistance (PVR) was 8.6±5.9 WU, the mean PCWP was 14.3±5.6 mm Hg, mean right atrial pressure (RAP) was 15.1±5.7 mm Hg, and mean cardiac output (CO) was 4.8±1.5 L/per minute. On laboratory examination, the initial median N-terminal pro brain natriuretic peptide (NT-proBNP) level was 2468 pg/mL (46.1-20.564 pg/mL) and the final median NT-proBNP level was 2382 pg/mL (67.0-23.368 pg/mL) ([Table 1](#T1){ref-type="table"}).

###### 

Demographics of the study group

  Variables                   n=29
  --------------------------- --------------------
  Sex (n, %)                  Female (16, 55.2%)
  Male (13, 44.8%)            
  Age (years)                 59.5±13.7
  Median follow-up (months)   44 (1-113)
  NYHA III-IV (%)             22 (75.8%)
  Rhythm (n, %)               Sinus (23, 79.3%)
  AF (6, 20.7%)               
  TTE                         
   • mPAP (mm Hg)             66.1±26.7
   • TAPSE (mm)               16±4
  Initial 6MWD (m)            321.4±119.9
  Final 6MWD (m)              356.1±132.8
  RHC                         
   • dPAP (mm Hg)             35.1±13.2
   • mPAP (mm Hg)             50.9±16.1
   • sPAP (mm Hg)             79.4±22.9
   • PVR (WU)                 8.6±5.9
   • PCWP (mm Hg)             14.3±5.6
   • RAP (mm Hg)              15.1±5.7
   • CO (L/per minute)        4.8±1.5

AF - atrial fibrillation, CO - cardiac output, dPAP - diastolic pulmonary artery pressure, mPAP - mean pulmonary artery pressure, NYHA - New York Heart Association, PCWP - pulmonary capillary wedge pressure, PVR - pulmonary vascular resistance, RAP - right atrial pressure, RHC - right heart catheterization, 6MWD - six-minute walking distance, sPAP - systolic pulmonary artery pressure, TAPSE - tricuspid annular peak systolic excursion, TTE - transthoracic echocardiography

Pulmonary endarterectomy (PEA) was performed in 17 of 29 patients (58.6%). Twelve patients (41.4%) were not operated upon due to distal disease, comorbidities, and/or their own preference. None of our patients underwent BPA. Operated patients were younger than non-operated patients (55 years vs. 65 years, p=0.04). About 52.9% of operated patients and 50% of non-operated patients were female. At the follow-up, the 6MWD in the operated patients increased (+76 m) and decreased in non-operated patients (-46 m) ([Table 2](#T2){ref-type="table"}). Further, the functional capacity (FC) was improved in operated patients. There were 12 patients (41.4%) with NYHA class III or IV at the follow-up. All patients were under oral anticoagulant therapy and 12 not-operated patients were on PAH-specific treatment. While 7 of these not-operated patients were on monotherapy (3 endotelin receptor antagonists-ERAs, 2 phosphodiesterase type-5 inhibitors-PDE-5is, and 2 inhaled prostanoids), the other 5 patients were taking combination therapy (2 patients with ERAs+PDE-5is combination, 1 patient with ERAs+inhaled prostanoid, 1 patient with ERAs+PDE-5is+inhaled prostanoid, and 1 patient with ERAs+sGC stimulator+inhaled prostanoid) ([Fig. 1](#F1){ref-type="fig"}).

###### 

Clinical characteristics of operated and non-operated patients

  Variable               Operated      Not-operated (17, 58.6%)   *P*-value (12, 41.4%)
  ---------------------- ------------- -------------------------- -----------------------
  Median age (years)     55            65                         0.04
  Females, n (%)         9 (52.9)      6 (50.0)                   0.876
  i6MWD (m)              309.8±127.0   339.6±112.8                0.564
  f6MWD (m)              385.1±147.2   293.3±67.5                 0.08
  Delta 6MWD (m)         +76           -46                        0.01
  iNYHA III-IV (%)       87.5          72.7                       0.219
  fNYHA III-IV (%)       29.4          58.4                       0.44
  TAPSE (mm)             16±5          18±2                       0.302
  RHC                                                             
   • dPAP (mm Hg)        35.6±13.3     34.3±13.9                  
   • mPAP (mm Hg)        52.9±16.3     47.3±15.8                  
   • sPAP (mm Hg)        81.7±23.5     75.9±22.8                  
   • PVR (WU)            10.1±6.2"     5.7±4.2                    
   • PCWP (mm Hg)        14.3±5.0      14.4±6.8                   
   • RAP (mm Hg)         14.9±5.0      15.7±7.3                   
   • CO (L/per minute)   4.4±1.5       4.6±1.5                    

CO - cardiac output, dPAP - diastolic pulmonary artery pressure, f6MWD - final six-minute walking distance, fNYHA - final New York Heart Association, i6MWD - initial six-minute walking distance, iNYHA - initial New York Heart Association, mPAP - mean pulmonary artery pressure, PVR - pulmonary vascular resistance, RAP - right atrial pressure, RHC - right heart catheterization, sPAP - systolic pulmonary artery pressure, TAPSE - tricuspid annular plane systolic excursion

![Pulmonary arterial hypertension-specific treatment of not-operated patients\
ERA - endothelin receptor antagonist, Inh. - inhaled, mono. - monotherapy, PAH - pulmonary arterial hypertension, PDE-5is - phosphodiesterase type 5 inhibitors, sGC ST. - soluble guanylate cyclase stimulator](AJC-23-105-g001){#F1}

The Kaplan-Meier estimates of the 10-year survival rates was 58.6% for the whole group ([Fig. 2](#F2){ref-type="fig"}). Twelve patients died during the 10-year follow-up duration. While 7 of the 12 non-operated patients died (58.3%), only 5 of 17 operated patients (4 perioperatively and 1 at follow-up) died (29.4%). Right heart failure was the main and most common reason of death in non-operated patients. While the 10-year survival was 70.6% in operated patients, it was 41.7% in non-operated patients. After exclusing the patients who died perioperatively, the survival rate improved with pulmonary endarterectomy and it reached statistical significance (p\<0.05). Advanced-stage final FC (NYHA III-IV), lower final 6MWD, higher final NT-proBNP, reduced TAPSE, and inoperability were associated with a higher mortality rate ([Table 3](#T3){ref-type="table"}). Univariate Cox regression analysis showed that patients with improved final FC (NYHA I-II) had a 166-fold decreased mortality rate.

![Kaplan-Meier estimates of 10-year survival in both operated and non-operated patients](AJC-23-105-g002){#F2}

###### 

Factors associated with mortality

                                               Univariate Cox regression   *P*-value     
  -------------------------------------------- --------------------------- ------------- -------------
  TAPSE (mm)                                   0.898                       0.776-1.038   0.145
  f6MWD (m) (Δ: Last-First)                    0.994                       0.987-1.00    0.051
  fNT-proBNP (pg/mL) (Δ: Last-First)           1.00                        1.00-1.0001   0.353
  Endarterectomy (%)                           **2.38**                    0.740-7.682   0.141
  fNYHA III-IV (First) Class (1-2) vs. (3-4)   0.387                       0.317-19.4    0.327
  fNYHA III-IV (Last) Class (1-2) vs. (3-4)    **17.36**                   2.23-135.09   **\<0.001**

fNYHA - final New York Heart Association, fNT-proBNP - final N-terminal pro brain natriuretic peptide, f6MWD - final six-minute walking distance, TAPSE - tricuspid annular plane systolic excursion

Discussion {#sec1-4}
==========

In this single-center 10-year CTEPH experiment, we aimed to retrospectively investigate the baseline demographics, clinical characteristics, and outcome of CTEPH patients who were followed-up by the PH outpatient department of our university hospital from 2009 to 2018. Both operated and non-operated CTEPH patients were included in the study. The main finding of this analysis was that patients who underwent PEA showed better long-term survival rates than non-operated patients, despite having a similar initial hemodynamic severity and FC.

Pulmonary endarterectomy (PEA) is the first-line and curative treatment of choice for CTEPH. It consists of removing all thrombotic endoluminal material, neo-intima, and few elastic lamellae from the inner layers of the tunica media of pulmonary arteries using a surgical approach. However, between 10% and 50% of referred patients may not be eligible for surgery ([@ref19]). In the international prospective CTEPH registry, 36.6% of evaluated patients are not eligible for PEA ([@ref2]). This statistic was a little bit higher in our study population (41.4%). The most important prohibitive factor was the presence of distal disease (seen in 9 of 12 not-operated patients, 75%).

CTEPH is occurs with equal frequency in men and women, most often in their sixth decade of life ([@ref2]). The mean age of occurrence was similar (59.5 years) in our study population, although there was an insignificant female predominance in the whole group (55% vs. 45%). Operated patients were younger than non-operated patients but presented with similar disease severity, as assessed by hemodynamic variables and NYHA functional class. This is consistent with other CTEPH registries from Europe and United Kingdom (UK) ([@ref2], [@ref11], [@ref20], [@ref21],).

The current multi-center CTEPH registry showed a 3-year survival rate of 89% in operated patients ([@ref22]). In two large single-center cohorts, the 3-year survival rates were reported as 81% ([@ref23]) and 76% ([@ref11]). In the UK National CTEPH cohort, the overall survival was 86%, 84%, 79%, and 72% at 1 year, 3 years, 5 years, and 10 years for the entire cohort ([@ref21]). The overall survival rates at 1 year and 3 years after surgery were 91% and 90%, respectively. In our study, the 10-year survival was 58.6% for entire cohort. Operated patients had a better 10-year survival (70.6%) than not-operated patients (41.7%). Non-operated patients consisted of 41.4% of our study population. They were older than operated patients and most of them (75%) had a distal disease, which was the main prohibitive factor for inoperability. Although their hemodynamic severity was similar to operated patients, non-operated patients had a worse 10-year survival rate. All non-operated patients were using anticoagulant and PAH-specific therapy. Non-operated patients were on various PAH-specific drugs, namely endothelin receptor antagonists, phosphodiesterase 5 inhibitors, and prostacylin analogs. Only one of the non-operated patients was on riociguat in combination with other drugs, which is the only approved drug for medical treatment of CTEPH. The reason for this was that riociguat was approved in our country in 2015 and most of the patients had been prescribed with other drugs before that time period. Most of the deaths in operated patients (4/5, 80%) occurred in the perioperative period. Only 1 patient died during follow-up due to respiratory failure that was associated with chronic obstructive pulmonary disease. Patients who survived surgery did not require PAH-specific therapy.

The independent factors associated with long-term survival were: advanced-stage final FC (NYHA III-IV), inoperability, lower final 6MWD, higher final NT-proBNP, and reduced TAPSE. Univariate Cox regression analysis showed that patients with improved final FC (NYHA I-II) showed a 166-fold decreased mortality rate.

Study limitations {#sec2-2}
-----------------

The main limitation of our study was its retrospective nature. We were not able to record thrombotic risk factors associated with CTEPH. Although we tried to record all hemodynamic data, they were not 100% complete. We also were not able to use multivariate Cox regression analysis because only one variable has been found to be associated with mortality to date. Instead, univariate analysis was performed to predict factors associated with mortality.

Conclusion {#sec1-5}
==========

Our study presents the long-term CTEPH experience in a university hospital. Operated patients showed better survival rates than non-operated patients (70.6% vs. 41.7% over 10 years), despite the fact that all not-operated patients were using PAH-specific therapy. The predictors of mortality were: a worse final NYHA FC, inoperability, lower 6MWD at follow-up, higher NT-proBNP at follow-up, and reduced TAPSE, all of which are also poor prognostic factors for PAH. After performing univariate Cox regression analysis, the relation of high mortality was still constant for advanced-stage final NYHA FC (III-IV).
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